abstract here we report a component of the results of the sElEct-pal project, namely marine turtle bycatch composition and rates, hooking location, and status at haulback and at release for several hook-bait combinations in a portuguese commercial longline fishery targeting swordfish in the atlantic equatorial region. in total, 221 longline sets were deployed during the fishing season (february-october) by the portuguese fleet operating in the area. Three different hook types were tested, traditional J-hook (9/0) and two 17/0 circle hooks (non-offset and 10° offset), but only one bait type was used in each set (Scomber spp. or Illex spp.). four species of sea turtle were caught, most consisting of the olive ridley, Lepidochelys olivacea (Eschscholtz, 1829), and leatherback, Dermochelys coriacea (Vandelli, 1761). The highest mean bycatch per unit effort (bpuE) values for both species combined and for the individual species occurred with the J-hook. The 10° offset circle hook baited with mackerel provided a reduction of 88% and 85% on the bycatch rates, for all turtles combined and olive ridleys, respectively. although hook location was species-specific and only bait appeared to be driving bycatch rate differences, most sea turtles were caught in the mouth, except for leatherbacks. only hook type contributed significantly to haulback mortality, with J-hooks associated with slightly higher mortality rates.
Marine fishery resources are a primary source of protein for human consumption (fao 2010). as a consequence, marine fisheries now have a major influence on marine systems worldwide, affecting marine animal populations and ecosystem function, and warranting urgent and comprehensive management in many places (Jackson et al. 2001 (Jackson et al. , pauly et al. 2005 (Jackson et al. , halpern et al. 2008 . among the different key issues in marine fisheries, bycatch-the unintended capture of non-target organisms during fishery operations-is a major problem (hall et al. 2000, soykan et al. 2008) . despite the existence of bycatch in all fisheries and differences in their types and amount, many of the bycatch species have long life-cycles and low productivity. This is the case for the pelagic drift longline, which despite being more selective than many other fishing gears, catches a wide range of megafauna, such as: sharks, mammals, seabirds, and sea turtles (brothers and cooper 1999, lewison et al. 2004, huang 2011) . These groups of animals occupy broad geographic ranges spanning geopolitical boundaries and oceanographic regions that support different fisheries (Wallace et al. 2010) . among the marine megafauna, which are commonly caught incidentally, sea turtles are of special concern. in fact, five of the seven species of sea turtle living in the world's oceans have been listed as either critically endangered or endangered, and their international trade is prohibited according to the convention on international trade in Endangered species (citEs). one of the main causes for the worldwide failure of many sea turtle populations to recover is their continued incidental capture in fisheries (hillestad et al. 1995, lutcavage et al. 1996) . apart from longlines, other fishing gears are known to interact with sea turtles worldwide, including trawls (Magnuson et al. 1990 (Magnuson et al. , poiner and harris 1996 (Magnuson et al. , lewison and crowder 2007 and gill nets (de Metrio and Megalofonu 1988, Julian and beeson 1998) . a number of research initiatives have focused on the mitigation of longline bycatch by testing several technological and methodological changes, all aiming at increasing fishing gear selectivity and reducing bycatch mortality. particular attention has been directed at the use of circle hooks-a hook with the point turned perpendicularly toward the shank-as a means to reduce bycatch mortality. With regard to sea turtles, a number of such studies have been conducted worldwide (see reviews by read 2007 and Wallace et al. 2010) . in the atlantic ocean, these studies have been mostly limited to the northern hemisphere, with only a few studies conducted in the equatorial areas (carranza et al. 2006, pacheco et al. 2011) . however, these efforts have been limited in terms of the number of sets, geographical area covered, and bait used.
The portuguese pelagic longline fishery targeting swordfish began in the 1970s and the fishing method has remained almost unchanged since. a few changes have been incorporated in the last decade: (1) fishers shifted from the traditional to the so-called "modern gear" (for gear description see Watson and kerstetter 2006) , making use of mainlines and branch lines of monofilament and using lightsticks or flashlights; (2) in some areas and seasons, pelagic sharks are a major component of the catch thus the branch line material is multifilament steel, with mackerel bait. The fleet has traditionally used the J-hook with squid bait. prior to the present study, no circle hooks had been used or tested commercially by the portuguese fleet, apart from some experiments supported by the us government between 2000 and 2002 in the azores (bolden and bjørndal 2005) . to date, however, none of those results have been published in the peer-reviewed literature.
The portuguese fisheries and aquaculture directorate and a private fishing company are funding an ongoing project (sElEct-pal: "redução das capturas acessórias na pescaria de palangre de superfície"). The aim is to test the influence of different hook and bait combinations on the catch of target and non-target species caught by the portuguese pelagic longline fishery operating in three major areas in the atlantic ocean: northeastern tropical, Equatorial, and southern temperate. here we report the first results of the sElEct-pal project. specifically, we compare sea turtle bycatch composition and rates, hooking location, and status at haulback, resulting from experimental fishing with different combinations of hook style and bait type in the Equatorial area.
Material and Methods
Experimental design and data collection.-for the present study, a total of 221 long-line sets were deployed along the equatorial atlantic region ( fig. 1 ), between January 2009 and March 2011. two commercial fishing vessels from the portuguese pelagic longline fleet participated in the experiment. Experimental fishing took place along a wide longitudinal range (42°W-9°E), but in a restricted latitudinal range (7°n-7°s). The fishing gear was similar for both vessels consisting of a standard monofilament polyamide mainline of 3.6 mm diameter (approximately 55 nm long), with five branch lines between floats. Each branch line was 18 m in length, the first part consisting of 2.5 mm monofilament (9 m long) connected by a swivel to a 2.2 mm monofilament gangion (9 m in length) with a hook as the terminal tackle. a battery-powered flashlight (green light) was attached to each gangion. on average, 1382 hooks (sd = 133, min = 1260, max = 1728) were used per set, fishing at depths of 20-50 m. gear deployment typically began at 17:00 hrs, with haulback starting the next day from about 06:00 hrs. Three different stainless steel hook styles (manufactured by Won yang, korea) were used in each longline set. The control corresponding to the traditional J-hook of the fishery (Ec-9/0-r), and the treatments corresponding to: g-hook, a non-offset circle hook (h17/0-M-s); and gt-hook, a 10° offset circle hook (h17/0-M-r; table 1, fig. 2 ). hook style was alternated section by section of the longline (each section containing between 70 and 80 hooks), to reduce the potential for confounding effects specific to a set (e.g., location, water temperature, turtle density, or other factors). Moreover, the hook style of the first section in the water changed every set, following a fixed scheme (i.e., J, g, gt, J, g, gt, … and so on). two different bait types were used, mackerel (Scomber spp.) and squid (Illex spp.), but only one bait was used in each set to avoid possible interaction effects, as suggested by Watson et all characteristics of the fishing gear and fishing practices (e.g., hook placement, setting time, use of light, bait size, and hook manufacturer) were standardized between the two vessels. however, length of mainline and number of hooks were allowed to vary among vessels to take into consideration vessel operating capacity and sea conditions. Whenever a sea turtle was caught by longline, the onboard observer identified the species, recorded the hook style and bait type used, the condition/status of the turtle at haulback (alive/dead), the type of interaction (i.e., location of the hook: flippers, mouth, esophagus, or entangled), and the condition when released (alive/dead). When possible, turtles were boated with a large dip net. further, observers and crew attempted to remove fishing gear immediately using long-handled dehookers and line cutters. They were instructed to remove all external hooks and those in the mouth, as well as hooks in the esophagus when the insertion point of the barb could be seen. Whenever possible, the sex of the specimen was determined and the carapace curved length and width were measured to the nearest 1 cm. however, due to the size and weight of leatherback sea turtles, Dermochelys coriacea (Vandelli, 1761) , only a limited number of specimens of this species were measured, with most specimens being immediately released by cutting-off the line.
following Watson et al. (2005) , power analyses were performed to estimate the experimental fishing effort required to detect differences among hook-bait combinations for sea turtle bycatch reduction. The control fishing method was the combination most commonly used in the fishery, specifically, J-type hooks baited with squid, and the power calculations were based on the necessary number of hooks required to detect a 25% reduction in each of the species bycatch rates. The calculations were based on the mean catch rates of sea turtles previously observed for that region that had been recorded by fishery observers over the period . Table 1 . data analysis.-bycatch rates were expressed as bpuE, calculated as the number of specimens caught per 1000 hooks. given the lack of normality of the bpuE data and homogeneity of the variances, kruskal-Wallis tests were used to compare bpuE among different hook types and Mann-Whitney tests were used to compare bpuE between the two baits (due to lack of normality and homogeneity of the variances).
a logistic-binomial glM was used to determine the influence of hook style and bait type on sea turtle bycatch. due to small sample sizes, this model was only applied to the olive ridley, Lepidochelys olivacea (Eschscholtz, 1829). for this model, the response variable was the proportion of olive ridley catches in each longline set, calculated as the number of catches within the number of hooks used in each set. a binomial error distribution and a logit link function were used in the model. The explanatory variables tested were the hook style (J, g, or gt) and the bait type (squid or mackerel), with their significance indicated by the Wald statistic. interactions between the two explanatory variables were tested with a likelihood ratio test. With the final model, the odds-ratios of the parameters with their respective 95% confidence intervals were calculated.
regarding the size structure of the sea turtles caught, only the most abundant species (olive ridley) was considered. data were tested for normality using a kolmogorov-smirnov test (with lilliefors correction, lilliefors 1969) and a levene test for homogeneity of variances, between the different levels of each factor under consideration. The skewness and the kurtosis of the size data were calculated to assess departures from normality. results of these analyses indicated that parametric tests were appropriate to compare mean sizes among treatments.
The bait type effect was tested using a student t-test and the hook style and hooking location interaction effects were compared using one-way anoVa.
The relationship between hooking location and hook type was assessed using contingency tables and chi-square tests of independence. analyses were conducted for all species combined and for the olive ridley separately. due to the existence of zero values in some of the combinations using the original four categories, hooking location data were placed into three categories: mouth, esophagus, and external (combining hooked flippers and entangled). chisquare tests were computed to assess differences in the proportions of live/dead sea turtles between hook styles, bait type, and hooking location. This analysis was performed for species combined and for olive ridley separately, as the contingency table analysis assumptions could not be met for the remaining species due to their low bycatch rates.
all statistical analyses were performed using the r project for statistical computing 2.13.0 (r development core team 2011), primarily using functions available in the core r program. Exceptions were the levene tests for the homogeneity of variance that is available in library "car" (fox and Weisberg 2011), contingency table analysis that was performed with library "gmodels" (Warnes et al. 2011) , and the plots of means that are available with "rcmdr" (fox et al. 2011). results in total, 305,352 hooks were used during the experimental fishing sets (221 sets), corresponding to 101,784 hooks of each hook type. The vessels fished an average of 1381 hooks per set; the minimum number of hooks fished in a set was 1260 and the maximum was 1728 hooks. in terms of bait, an overall 143,136 hooks were baited with mackerel, while the remainder (162,216) were baited with squid. The minimum and the maximum number of hooks used in each of the different hook style-bait type combinations were 47,712 and 54,072, respectively. according to the power analysis, the number of hooks required to detect a 25% reduction in the olive ridley bycatch per unit effort (bpuE) was 17,997; that for leatherback sea turtles was 33,486 hooks. The sea surface temperatures (sst) ranged from 21 to 29 °c, with a mean of 26.6 °c and a standard deviation of 1.97 °c. a correlation between sst and longitude was observed (pearson's value of −0.60613), with higher sst recorded toward the western region. bycatch rates.-in total, 231 sea turtles were caught during the present study: 161 olive ridley, 58 leatherbacks, 10 loggerheads, Caretta caretta (linnaeus, 1758), and 2 kemp's ridley, Lepidochelys kempii (garman, 1880). of 221 sets, 150 (67.9%) had zero sea turtle bycatch. The maximum number of specimens caught in a single set was 18; for most of the positive sets, fewer than four sea turtles were caught. The highest bpuE was observed in the central part of the study area, between 8°W and 27°W, both for species combined and the two most numerous species caught ( fig. 3) .
because of the high number of sets with zero catches, mean bpuE values were generally very low. overall, the highest mean bpuE values for species combined and for the individual species occurred with the J-hook, while the catches with both circle hooks tended to be much lower ( fig. 4 ). significant differences were detected in the bpuEs among the three hook styles (kruskal-Wallis: species combined: chi-square = 20.01, df = 2, P < 0.01; olive ridley: chi-square = 9.61, df = 2, P < 0.01; leatherback: chi-square = 11.35, df = 2, P < 0.01). The kruskal-Wallis rank sum test was performed instead of a parametric anoVa due to the lack of normality of the data (lilliefors: P < 0.01) and the lack of homogeneity of the variance (levene: P < 0.01). regarding the bait type ( fig. 4) , the bpuE was significantly higher when squid was used (MannWhitney: species combined: W = 48,191, P < 0.01; leatherback: W = 52,788, P < 0.01; olive ridley: W = 49,801, P < 0.01). The ratio between the standard fishing practice (J-hook baited with squid) and the other tested combinations indicated 2.0-8.4, 2.1-6.8, and 1.4-11.0 bpuE reductions, for species combined, olive ridley, and leatherback sea turtles, respectively (table 2) .
both hook style and bait type were significant factors contributing for the olive ridley sea turtle bpuE (table 3) . The interaction between hook style and bait was not significant (likelihood ratio test: diff. residual deviance = 0.583, P = 0.747), and therefore the simpler model without interactions was applied. When changing the bait type from squid to mackerel, the odds-ratio of catching olive ridley sea turtles decreased 56% (with 95% ci of 38%-69%). When changing the hook from J-hook to both circle hooks the odds-ratio of catching olive ridleys also decreased. for specific hook types, changing from J to g resulted in the odds-ratio decreasing 54% (with 95% ci of 33%-68%), and changing from J to gt resulted in the odds-ratios decreasing 65% (with 95% ci of 48%-77%).
bycatch at size and hooking location.-olive ridleys ranged in size from 43 to 71 cm total curved length and averaged 60.4 (±5.81) cm (table 4). only 26% of leatherback sea turtles were measured due to their large size, as most specimens were released by the crew without being brought to the fishing vessel (particularly the larger specimens). The size statistics for the other species caught are shown in table 4. for all species combined, the mouth was the most frequent hooking location (58.4%) regardless of the hook type used ( fig. 5) . however, when species were analyzed separately it was possible to determine species-specific patterns of hooking locations. leatherbacks were almost exclusively hooked on the flippers (63.8%) or entangled (32.8%) on the lines, whereas most olive ridley sea turtle apparently bit the bait, with 77.0% hooked in the mouth and 17.4% in the esophagus (fig. 5 ). Even though only 10 loggerheads were caught, this species seems to have a similar behavior to the olive ridley, as 75% were hooked in the mouth and the remainder in the esophagus.
The relative proportions of the different hooking locations did not differ significantly among hook styles ( fig. 5) , as confirmed by chi-square proportion tests between the two factors. This analysis was carried out for species combined (chi-square test of independence: chi-square = 8.89, df = 6, P = 0.180) and for olive ridley (chisquare test of independence: chi-square = 1.24, df = 4, P = 0.871), but not for leatherback due to low sample sizes. unlike with hooks, the relative proportions of the different hooking locations differed significantly among baits ( fig. 5 ). The mouth was always the most frequent hooking location, but when mackerel was used the proportions of the other hooking locations tended to increase (for species combined: chi-square = 24.02664, df = 3, P < 0.001; olive ridley: chi-square = 18.7908, df = 2, P < 0.001). corresponding analyses were not carried out for leatherback due to the prevalence of cells with zero values in the contingency table. for olive ridley, the hooking Table 2 . Ratio between the mean BPUE obtained with the standard fishing gear (J-hook baited with squid, control) and the different combinations of hook style (J = traditional 10° offset 9/0 hook used on the fishery, G = 0° offset 17/0 circle hook, Gt = 10° offset 17/0 circle hook) and bait type (S = squid, M = mackerel) tested, for species combined and for the two most abundant sea turtle species caught.
Comparison
Olive locations "entangled" and "flippers" were grouped into one category ("hooked externally") due to low sample sizes. for olive ridley, size distribution did not vary much with bait type or hook style. however, some differences in the sizes were observed depending on the hooking location ( fig. 6 ), mostly with regard to the entangled specimens that tended to be larger than the others. statistically, no differences in sea turtle sizes were detected between the bycatch rates with the two baits types (t-student: t = 1.384, df = 146, P = 0.169), nor with the three hook styles (anoVa: F = 0.326, df = 2145, P = 0.723). however, the sea turtle sizes varied significantly depending on the hooking location (anoVa: F = 4.415, df = 3144, P = 0.005).
Mortality.-overall, 76.6% of all sea turtles were alive at haulback and released. The hooking location appeared to have substantial impact on mortality with most specimens caught by the flippers or entangled being live at the time of haulback (100% and 90.5% alive at the time of haulback, respectively), while the specimens hooked in the esophagus and in the mouth had lower percentages of alive specimens (70.0% and 68.1% alive at the time of haulback, respectively; fig. 7 ). because the different species tended to be hooked in specific ways, species-specific mortality reflected this specificity in hooking location. Thus, most leatherbacks (that tended to be hooked by the flippers or entangled in the longline) were alive at haulback (96.6%), while olive ridley sea turtles, which tended to be hooked in the mouth or the esophagus, suffered higher mortality (68.3% alive at haulback).
for the factor hook style, and considering all species combined, the g-hook had proportionally more sea turtles alive (84.2%) than dead (15.3%), with the percentage of live specimens decreasing slightly for the J-hooks (78.5%) and substantially more with the gt-hooks (59.0%; chi-square proportion test: chi-square = 8.88, df = 2, P = 0.011). When the olive ridley data were analyzed separately, the proportion of live Table 4 . Statistics of the size structure of the four sea turtle species caught. N = total number of specimens caught; n = number of specimens measured; Min = minimum; Max = maximum; SD = standard deviation. Measurements refer to the total carapace curve length (cm). specimens differed by hook type: 80.5%, 48.4%, and 69.7% for hook types g, gt, and J, respectively ( fig. 8 ; chi-square proportion test: chi-square = 8.57, df = 2, P = 0.014). for leatherback sea turtles, the proportions of live specimens were very high for all hook types, specifically 92.3%, 100%, and 97.3% for hook types g, gt, and J, respectively ( fig. 8 ; low and zero sample sizes for some of the combinations precluded statistical tests). When the factor bait was analyzed separately for all species combined, the bait type by itself did not significantly influence mortality. overall, many more sea turtles were caught when squid was used as bait than with mackerel, but the observed vs expected frequencies of dead and live sea turtles caught with each bait type did not differ significantly (proportion chi-square with yates correction: chi-square = 0.40, df = 1, P = 0.53). for olive ridley, the proportions of live specimens (71.6% and 60.0% using squid and mackerel, respectively) did not differ significantly (proportion chi-square with yates correction: chi-square = 1.50, df = 1, P = 0.22). discussion although a number of studies on sea turtle bycatch of pelagic longline fisheries have been conducted worldwide (see reviews by read 2007, Wallace et al. 2010) , only a few studies have been conducted in the atlantic equatorial area (carranza et al. 2006, pacheco et al. 2011) , and these have been limited in terms of the number of sets, geographical area covered, and bait type used. The present study is the most extensive effort to date that followed a strict experimental design and aimed to assess sea turtle bycatch on pelagic longline gear in the atlantic Equatorial area.
our results demonstrate that olive ridley, and to a lesser extent, leatherback sea turtles, frequently interact (33% of all sets) with the Equatorial atlantic portuguese pelagic swordfish longline fishery, particularly between 8°W and 27°W. however, these can be significantly reduced by using mackerel bait in place of squid bait and/ or by employing circle hooks. The combination of circle hooks baited with mackerel resulted in a reduction in sea turtle interactions of 85% for olive ridleys and 91% for leatherbacks. previous studies have shown that changing the bait type from squid to In each case, mortality is presented separately for each hook type (G, GT, and J) and for hook styles combined. Numbers between brackets refer to the number captured for each hook type (n). mackerel (or other fish) and/or the traditional J-to circle hooks were efficient measures to reduce sea turtle bycatch (e.g., in the northwest atlantic, Watson et al. 2005; in northwest pacific, yokota et al. 2009 ; in the equatorial west atlantic, pacheco et al. 2011). an additional measure that has been tested in the past that has the potential to influence sea turtle bycatch rates is the use of dye to color bait. yokota et al. (2009) tested squid and mackerel dyed blue; however, they concluded that this color did not significantly reduce sea turtle bycatch.
The overall bpuE observed in our study using the traditional gear configuration was similar to other pelagic longline fisheries targeting atlantic swordfish, including those reported by pinedo and polacheck (2004) (2011) off northwestern brazil. however, our observed overall bpuE was higher than those reported by carranza et al. (2006) for the gulf of guinea and the st. helena area and by Watson et al. (2005) for the northwestern atlantic. When circle hooks were used in western equatorial area of the atlantic, olive ridley catch rates increased by 300% (based on a small number of specimens caught, baited with squid), whereas catch rates of leatherbacks were reduced by 70% (pacheco et al. 2011). Watson et al. (2005) reported that circle hooks baited with mackerel resulted in a reduction of 65% of leatherback cpuE in the northwestern atlantic. however, these comparisons should be carefully analyzed as the cited studies used slightly different hooks (in terms of size and shape), covered different seasons (different ranges of temperature), and were based on substantially different numbers of sets.
olive ridley and leatherback sea turtles have different life histories. While the latter are pelagic/oceanic during all stages of their life, olive ridley sub-adults and adults use both neritic and oceanic habitats (Musick and limpus 1997), feeding both in deep water (80-110 m) and relatively shallow benthic habitats (bjorndal 1997). Thus, the pelagic longlines impact these species differently. for this reason, leatherbacks of a wide size range were captured, including big animals comparable in size to nesting females of the western north atlantic (boulon et al. 1996) . however, it is likely that the leatherbacks do not represent a random sample of the total catch as the largest and heaviest individuals were not measured. Therefore, caution should be exercised when considering the size data for this species. captured olive ridley were mostly sub-adults and adults, based upon the carapace length at maturity (66 cm) reported by Miller (1997) .
hooking location patterns were species-specific and hook style was not a significant determining factor. regardless of the hook style used, leatherback sea turtles were almost exclusively hooked in the flippers or entangled on the lines, whereas most olive ridley sea turtles were hooked in the mouth. This may be related to each species' feeding behavior. in hawaiian waters, gilman et al. (2007) found a significant reduction in the proportion of sea turtles that swallowed the hooks (instead of being hooked in the mouth or body or entangled) when switching from J-hook with squid to circle hooks with fish bait. Watson et al. (2005) presented similar results for the loggerhead in the northwest atlantic. however, Watson et al. (2005) showed a higher proportion of leatherbacks hooked in the mouth when using circles hooks than when using J-hooks, although the majority of the sea turtles were hooked externally in both treatments. similarly, for leatherbacks a slight switch was observed from being hooked externally (flippers) to the mouth when changing from J-hooks to 0° offset circle hooks. on the other hand, hooking location differed significantly between bait types. kiyota et al. (2005) hypothesized that loggerheads were more likely to swallow entire squid bait because of its flexible and tough muscle texture whereas they tended to ingest smaller pieces of fish after biting and cutting the fish baits. results of the present study indicated that as changing bait type from squid to mackerel resulted in lower proportions of olive ridley sea turtles hooked in the mouth and higher proportions of deep hooking (hooked in the esophagus). in the northwest atlantic, Watson et al. (2005) found no significant differences in hooking location for both loggerheads and leatherbacks upon switching between mackerel and squid bait.
The main factor appearing to influence mortality at-haulback was hooking location. sea turtles hooked externally (by the flippers or entangled) were mostly alive, while specimens that were hooked in the mouth or deep hooked in the esophagus were more likely to be dead at time of haulback. gilman et al. (2007) reported similar results for the hawaii-based longline swordfish fishery. Moreover, the latter study suggested that this was because pelagic longline fisheries targeting swordfish operate with relatively shallow-set gear (which is the case of the portuguese fleet). as a result, captured sea turtles are able to reach the surface to breathe during gear soak. deeper-setting longline fisheries, which tend to use heavier gear (e.g., Japanese and korean longliners targeting tuna), have a higher proportion of drowned sea turtles. The type of circle hook (g vs gt) appears to be significant in terms of mortality, particularly for olive ridley, with higher mortality rates associated with the gt hook.
our reported mortality results represent the short term at-haulback mortality, and should be interpreted as minimum estimates. We attempted to remove all gear based on recommendations of Watson et al. (2005) because they noted that "harm from gear left in place may include tissue damage, infection, and digestive track lockage. hooks may perforate internal organs or vessels; in some cases, hooks become encapsulated or are expelled. trailing line can encircle a limb, restrict circulation, and cut deeply into the tissue, and eventually cause loss of function. ingested line may irritate the lining of the gastrointestinal tract and cause death by torsion (involution) or intussusceptions (telescoping of the gut tube, cutting off its cirrculation)." however, parga (2012) observed that as long as the branch line was cut short (close to the mouth), some deep hooked sea turtles could swallow and even expel the hooks without major harm.
our results indicate that the adoption of management measures requiring the use of circle hooks with finfish bait in the portuguese longline fishery would likely reduce sea turtle bycatch mortality. however, as suggested by campbell and cornwell (2008), prior to implementing any bycatch reduction device or gear modification in a fishery to try to reduce bycatch, the human dimensions of such changes need to be addressed. in particular, economic impacts of such gear modifications in the fishery need to be estimated because in some cases, significant reductions in the target species may hinder the application of such devices or gear modifications. such was the case described by largarcha et al. (2005) for the mahi-mahi fishery in Ecuador, where changing from traditional to circle hooks was efficient in reducing sea turtle bycatch and mortality, but also reduced the target species catch rates by such levels (ca. 30%) that implementation of such gear modification was not economically viable. another example was presented by báez et al. (2010) for the spanish Mediterranean surface longline fishery, where sea turtle captures could be reduced via changing the bait, but due to profit losses, fishers preferred the used of squid instead of fish bait particularly when targeting swordfish. More recently, coelho et al. (2012) reported that in the same equatorial longline fishery, the catch rates of the main target species (swordfish) decreased significantly when changing from J-hooks to circle hooks, and when changing from squid to mackerel bait. however, the hook change did not lead to significant economic losses, as there were some gains in other marketable species.
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